Background: Effective communication is a critical component in ensuring that children are fully vaccinated. Although numerous communication interventions have been proposed and implemented in various parts of Nigeria, the range of communication strategies used has not yet been mapped systematically. This study forms part of the 'Communicate to vaccinate' (COMMVAC) project, an initiative aimed at building research evidence for improving communication with parents and communities about childhood vaccinations in low-and middleincome countries.
Introduction
Vaccination has been described as one of the greatest public health achievements of the twentieth century and is widely seen as a worthwhile and cost-effective public health measure (1) . More than 3 million child deaths worldwide are said to be prevented each year through vaccination (2, 3) . Despite these huge benefits, childhood vaccination programmes face numerous challenges including low and stagnant coverage levels, underutilisation of vaccine services, inadequate sustainable financing, and misleading information on vaccination and its effects (4, 5) .
Nigeria has one of the highest rates of under-5 mortality in the world and vaccine-preventable diseases account for approximately 22% of child deaths in the country (6) . Though vaccination rates have increased in Nigeria in the last decade, only 52% of eligible children in Southern Nigeria were fully vaccinated in 2013 (7) , and in the North, even fewer children (10Á27%) were fully vaccinated. These low rates have been attributed partly to vaccine hesitancy, a behaviour influenced by a number of factors, including a lack of trust in the vaccine or the provider, people not perceiving a need for or not valuing the vaccine, poor access, lack of knowledge, rumours, religious beliefs, illiteracy, and other social and political factors (5, 8) . Effective communication strategies can address some of these issues by making more people aware of the benefits of immunisation; correcting false beliefs, rumours, or concerns that prevent people from getting immunised; and informing people where and when to get immunised, thereby potentially increasing vaccination rates (9Á12).
We define a communication intervention as a purposeful, structured, repeatable, and adaptable strategy to inform and influence community decisions to personal and public health participation, disease prevention and promotion, policy making, service improvement, and research (11, 13) . Communication interventions are believed to have contributed to the successes recorded in the polio eradication initiative in Nigeria (14) . The country's National Social Mobilisation Working Group, headed by UNICEF, is responsible for developing and coordinating communication strategies for all childhood vaccinations. At state and local levels, social mobilisation committees coordinate these activities which tend to focus on the following three objectives: advocacy, social mobilisation and behavioural change communication (15) .
Currently, a wide range of communication interventions are being used in Nigeria. Most of the interventions used are developed at the national level and then implemented locally (16, 17) which may result in inadequate community involvement in their planning and implementation (18) . To improve communication, it is important to identify what interventions are being used, where, and for which purposes (19, 20) ; which communication interventions are effective (12, 19, 21) ; and how people want to be communicated with (22) . To better understand some of these issues, we have developed a global taxonomy of communication interventions. This taxonomy aims to map the communication strategies that are used in a way that identifies the key purposes of each strategy, thereby helping to ensure that these strategies address the most relevant determinants of vaccine hesitancy (20) .
This study of childhood vaccination communication in Nigeria forms part of the 'Communicate to vaccinate 2' (COMMVAC) project Á an international project exploring how to integrate evidence-based communication strategies that are adapted for local conditions into vaccination programmes in selected low-and middle-income countries.
Study objectives

To identify communication interventions in use in
Nigeria for childhood vaccination. 2. To map these interventions against the existing COMMVAC taxonomy of interventions to create a specific Nigerian map of interventions organised by purpose and target. 3. To analyse gaps between the COMMVAC taxonomy and the Nigerian map to identify potential communication interventions not presently in use that may address particular issues or purposes. 4. To assess the COMMVAC taxonomy as a research tool for data collection and analysis in the field of vaccination communication.
Methods
Study setting
The study was conducted in Nigeria, the most populous country in Africa, with an estimated population of more than 170 million people in 2013. Administratively, Nigeria is divided into 36 states and the Federal Capital Territory, Abuja. Each state is subdivided into local government areas (LGAs), and each LGA is divided into wards. The people of Nigeria are multi-ethnic, multicultural, and multi-religious. In Nigeria, the National Primary Health Care Development Agency is charged with the responsibility of effectively controlling vaccine-preventable diseases through the provision of vaccines and immunisation guidelines. The national routine immunisation schedule recommends that all childhood vaccinations are completed by 9 months of age. Apart from the routine immunisation schedule, several rounds of supplemental or mass campaigns are held across the country each year in an effort to eradicate poliomyelitis and other vaccine-preventable diseases. The National Social Mobilisation Working Group and the social mobilisation committees at the state and local government levels are responsible for developing and implementing communication interventions for both routine and campaign activities.
Study sites
We carried out the study in both rural and urban settings in two states: Cross River in Southern Nigeria, and Bauchi in Northern Nigeria. We selected these two states based on variations in vaccination coverage rates, with rates being lower in Bauchi than in Cross River (with Diphtheria, Pertusis, Tetanus third dose (DPT3)) coverage rates of 12.5 and 76.1% respectively) (7) ; and variations in terms of vaccine hesitancy, with vaccine refusal rates being much higher in Bauchi, linked to religious and cultural beliefs (23) . In addition, Bauchi is one of the 12 polio prevalent states of Northern Nigeria and has been the focus of global and national efforts to eliminate polio and improve vaccination uptake. Considerable resources are being spent there on vaccination communication activities. In contrast, Cross River has remained polio free for the last decade.
Vaccination services are delivered through a wide array of strategies, including routine immunisation and campaigns. Routine immunisation is the foundation through which countries provide access to vaccines and control and eradicate vaccine-preventable diseases. It is a continuous service usually conducted by health workers at fixed posts (healthcare centres), outreach locations, or at mobile clinics on fixed days. In contrast, vaccination campaigns are usually intermittent and involve organised mobilisation of a large number of the population to tackle vaccine-preventable diseases intensively (24Á26).
Study design
This was a qualitative study, using semi-structured interviews, observations, and document analysis to collect information on communication strategies used to promote childhood vaccination uptake in both states.
Data collection: semi-structured interviews Data collection took place from January to June 2014. We purposively selected stakeholders who had been involved in the development or delivery of communication strategies for vaccination at national, state, and local government levels as well as through developmental partners (e.g. UNICEF and WHO, Table 1 ).
We used a semi-structured interview guide to gain insight into the vaccination communication interventions used for both routine vaccination and campaigns. The interview team was comprised of an interviewer and a note taker. Each interview lasted 30Á45 min. We audio recorded each interview session after seeking and obtaining consent. At the end of each interview session, the recordings were transcribed verbatim and securely stored in a file bearing the date, place, and interview questions.
Data collection: document review
We undertook a document review because interviewed participants may not have mentioned or remembered all the interventions being used, or may not have been aware of all of them. At the national and state levels, we collected relevant documents containing information on vaccine-related communication interventions. The documents included: policies on routine immunisation, routine immunisation strategic and implementation plans, reports on routine and supplemental immunisations, and 'Reaching Every Ward' plans.
Data analysis
We commenced data analysis by going through each interview transcript and each document and extracting information about the communication interventions used for vaccination-related activities, the context in which they were used, the deliverer, and the purpose. After we had identified existing communication interventions, we used the COMMVAC taxonomy to categorise each intervention based on purpose (see below). We developed separate maps for Bauchi and Cross River states and then combined them to create a Nigerian map comprising all interventions in the two states organised by purpose and target audience. We presented the first draft of the map to some of the interviewees in both Cross River and Bauchi and asked them to add communication interventions that we had omitted and to clarify any unclear interventions.
We also made an attempt to separate interventions used for routine immunisation and those used for campaigns.
The COMMVAC taxonomy
The COMMVAC taxonomy was developed in response to the lack of a comprehensive approach to identifying and organising communication strategies or interventions used to improve childhood vaccination uptake (20) ( Table 2 ). The taxonomy illustrates the relationships between different types of communication interventions and clarifies the key purposes and features of interventions to aid implementation and evaluation. The taxonomy was developed through a rigorous process of literature review and consultation with expert groups and draws on earlier taxonomies developed for communication interventions in general (11) . The COMMVAC taxonomy includes seven main categories or purposes of communication interventions. These categories are broken down into several intervention types across three target groups: parents or soon-to-be-parents; communities, community members, or volunteers; and health workers. The development of the COMMVAC taxonomy was based largely on communication interventions from highincome settings, as this is where most of the published research to date on childhood vaccination communication has been conducted. The current study, as well as two other studies in Cameroon (27) and Mozambique, aimed to address this gap and improve the taxonomy.
Ethical approval
We sought and obtained ethical approval from the ethical review committees in Cross River and Bauchi states.
Results
A complete map of vaccination communication interventions for each state, organised by purpose, is available as a Supplementary table (Appendices 1 and 2). Table 3 provides examples of the interventions identified in each taxonomy category.
Most of the interventions we identified aimed to inform and educate people about childhood vaccination and to remind and recall parents and communities about vaccination. Fewer interventions aimed to teach skills and enhance community ownership. We did not identify any interventions in either state that aimed to provide support or facilitate decision-making or any interventions to enable communication in Bauchi State. Many of the interventions we identified had more than one purpose. The main targets of most interventions were caregivers and community members, with a limited range of interventions directed at health workers. In the sections below, we describe in more detail the interventions being used.
Cross River State Routine immunisation
Interventions to inform and educate: In Cross River State, most of the communication interventions we identified for routine immunisation aimed to inform and educate parents or soon-to-be-parents about childhood vaccination, and these interventions were usually delivered in the health facility. Commonly mentioned interventions to inform and educate included offering group health education to parents or pregnant women attending immunisation or antenatal clinics and the use of posters and flyers in clinics. In addition, health workers provided health education during home visits. These home visits were limited in terms of the number and range of interventions compared with home visits in the context of campaigns.
Interventions to remind and recall: Vaccination cards served as continuous reminders for vaccination appointments. Town announcers and radio announcements were also commonly used to remind communities about routine immunisation clinics in rural settings.
Parents of children whose immunisation schedules were not up to date were sometimes reminded of their vaccination appointments through phone calls and text messages from health workers. This was not routinely done as the cost was borne by the health workers.
Interventions to teach skills: During home visits, health workers taught mothers parenting and childcare skills. These included: how to care for vaccination sites, actions to take if vaccination side effects occurred, and the need for caregivers to ensure that each child completed her required vaccinations.
Interventions to enable communication: Health workers or community members who understood the native language were engaged as interpreters in primary health facilities in rural communities.
Immunisation campaigns
Interventions to inform and educate: By far the most common purpose of communication interventions used in immunisation campaigns in Cross River State was to inform and educate. The majority of these interventions were targeted at community members. Communication interventions aimed at informing and educating Afiong Oku et al. communities about campaigns were more common than routine immunisation activities and were delivered in a number of ways including: the use of town announcers, especially in rural settings; announcement letters sent to churches, mosques, traditional leaders, and schools; and the mass media, including jingles and announcements on radio and television. Other common interventions included community dialogues and community announcements by health workers. These interventions were frequently delivered just before immunisation campaigns. Printed materials such as posters and flyers were circulated in major health facilities in urban areas but delivery was inconsistent and funding dependent. Printed materials were rarely seen at the community level. Advocacy visits were frequently undertaken to relevant stakeholders in state and local governments, including relevant ministries or agencies (e.g. Ministries of Education, Women Affairs), just before a campaign to solicit their support and cooperation. Less frequently used interventions were market rallies and role plays in schools and communities. Health workers occasionally received training, brochures, and fact sheets to update their knowledge base, but these interventions were dependent on the availability of funds.
Interventions to remind or recall: Community members were frequently reminded of upcoming campaigns through announcements in communities by health workers, town announcers, and the media (radio and television). Announcements were made in schools, churches, or mosques. Print materials such as posters, banners, and leaflets also served as reminders to parents and community members.
Interventions to teach skills: Vaccinators were sometimes trained in interpersonal communication and negotiation skills just before a campaign to equip them to communicate better with households and communities seen to be resistant to vaccination.
Interventions to provide support:
We identified no interventions in this category.
Interventions to facilitate decision-making: We identified no interventions in this category.
Interventions to enable communication: Health workers who understood the native language or community-based volunteers were engaged as interpreters during vaccination campaigns in rural communities.
Interventions to enhance community ownership: We found few interventions which fell into this category. One example was 'flag-off' exercises by an influential political head for campaigns carried out at state and local government levels. Campaigns are preceded by advocacy visits to political and community opinion leaders to garner support. A 'flag-off' exercise marked the beginning of a campaign and was frequently undertaken in selected LGAs, especially those with low immunisation coverage rates. Also, the ward development committee and relevant community opinion leaders, such as market women leaders, youth leaders, traditional and religious leaders, the ward focal person, and local social mobilisation officers, came together to promote immunisation uptake.
Bauchi State Routine immunisation
The communication activities performed in Bauchi State in the context of routine immunisation were similar to those used in Cross River and so are not discussed again here. As in Cross River, these activities were fewer and less intensively implemented compared to similar activities in the context of campaigns. . These all served as polio vaccine advocates to sensitise community members. The mass media (e.g. community radio and television) was also frequently used to deliver information about immunisation campaigns. Bauchi State operates 10 community radio stations in the common local language (Hausa). A roadside film show conducted in communities in mobile vans (majidi) targeted beliefs about the cause of polio disease and negative attitudes towards polio. Majidi and community radio were commonly used in rural areas; and television messages were used in urban areas. Cassettes and CDs carrying vaccination messages, as well as print materials such as posters and banners, were also widely used. In addition, letters informing people about upcoming campaigns were sent to churches, schools, mosques, and traditional leaders; and announcements were made in churches, mosques, schools, and villages. Town hall meetings were common and targeted men in the community, whereas compound meetings (meetings involving several households) organised by Muslim women associations targeted women. Also, advocacy visits to relevant political and community opinion leaders were frequently conducted before campaigns to solicit support.
Immunisation campaigns
Less commonly used interventions included: drama troupes, media vans, market rallies, and community dialogues. Dialogues were used when there were issues of vaccine refusal or resistant households and aimed to inform the identified households of the importance of immunisation and why children should be brought for vaccination. These households were visited by a team including traditional or religious leaders, health workers, and a representative of 'Journalists against Polio' or polio survivors, depending on the reasons for refusal.
Training workshops were organised for health workers, and fact sheets and brochures were distributed to them just before a campaign.
Interventions to remind or recall: Caregivers and community members were reminded about upcoming immunisation campaigns through town announcers (particularly in rural settings) and other frontline communicators, including volunteer community mobilisers and health educators or social mobilisers. 'Baby tracking' by volunteer community mobilisers aimed to remind new mothers of the need to have their newborns vaccinated. Volunteer community mobilisers were required as part of their duties to monitor every new baby born in their settlement.
Interventions to teach skills: Community mobilisers, including health workers, were routinely trained to communicate and negotiate with vaccine-hesitant parents and communities and to provide adequate and consistent information to community members.
Interventions to provide support:
Interventions to facilitate decision-making:
Interventions to enable communication:
We did not identify any example of interventions with the specific purpose of enabling communication. However, health talks, CDs, and print media used in rural settings conveyed vaccination messages in the local language.
Enhance community ownership: Efforts were made to enhance community ownership through 'flag-off' exercises in selected communities and through the use of local opinion leaders. Instances of partnership building and community coalition activities through ward health committees were also found. Youth and women leaders, and in some cases school teachers, accompanied vaccination teams and helped identify children who had not received polio vaccine in the last campaign.
Discussion
A wide range of communication approaches for childhood vaccination have been adopted in Nigeria with the intention of improving vaccination coverage rates (7) . The COMMVAC taxonomy allowed us to organise by 
Communication interventions for routine vaccination compared to vaccination campaigns
In both states, the use of communication interventions for routine immunisation was less frequent than the use of such interventions for campaigns. Interventions for routine immunisation were largely health facility based and delivered by health workers whereas a broader range of interventions were used for campaigns. This difference in the range and frequency of communication activities may be because of differences in donor or partner involvement. Such involvement in routine immunisation programmes is usually limited to technical components (e.g. logistics and management of cold chain facilities) (28) , with limited funds allotted to communication efforts compared to campaigns for which external funding is frequently available. Communication strategies also have to compete for funding with other technical and operational aspects of the routine immunisation programme. This competition between communication strategies and other programme components was confirmed in the national strategic plan for routine immunisation as a reason for the programme's poor performance (18) . Furthermore, the global drive to eradicate polio has made funds available from a larger number of non-governmental sources and has also tended to attract government resources away from routine immunisation activities (18) , including communication activities.
Range of vaccination communication interventions used
When the COMMVAC taxonomy was applied to the Nigerian context, it revealed that most communication interventions are clustered in two categories: to inform and educate caregivers and community members about immunisation and to remind and recall. This may be attributable to the fact that, in Bauchi, because of the lower immunisation coverage and resistance towards the polio vaccines, interventions targeted at informing and educating people of the benefits of vaccination and countering rumours and misconceptions surrounding polio were very common. Trusted community institutions were also used to deliver communication interventions and this may have enhanced community ownership. The taxonomy also identified gaps in communication activities. In both states, few communication interventions aimed to teach skills and enhance community ownership while no interventions aimed to provide support or facilitate decision-making in both states or enable communication in Bauchi. However, in Bauchi State, more communication approaches with a broader set of purposes were adopted and implemented, for the reasons described above.
Target audiences for vaccination communication interventions
Another gap we identified was the lack of communication interventions directed at health workers. Health workers serve as an important source of information for the general public and are the main drivers of vaccination programmes (29, 30) . However, most interventions directed at health workers were in the context of campaigns and few of such interventions appear to be used in the context of routine immunisation. As noted above, this may be related to the lower levels of funding available for these activities. It may also be tied to the fact that there is a general lack of attention to training health workers in interpersonal communication skills. This gap constitutes a missed opportunity to use encounters with health workers as communication events.
Differences across and within Bauchi and Cross River states
Bauchi and Cross River states used similar communication activities for routine immunisation. For campaigns a wider range of interventions were employed in Bauchi, compared to Cross River, probably because of the increased need for and focus on immunisation coverage in the North. Most communication efforts in Bauchi aimed to inform and educate and enhance community ownership whereas, in Cross River, the interventions fell overwhelmingly into the inform and educate category. Moreover, in Bauchi most interventions employed were communitybased and polio-driven, targeted households, and involved the use of appropriate channels to inform and educate mothers and community members. In addition to health workers, a range of other groups were engaged for the purpose of targeting caregivers at home in Bauchi, compared to Cross River. Targeting caregivers at home is important in Bauchi because in most Muslim communities women can only leave their home accompanied by their husbands. Fewer mobilisers were used to deliver communication interventions in Cross River, probably because this state has better vaccination coverage and because of the absence of polio. However, in both states the targets for these interventions were mainly community members.
Another difference observed was in interventions aimed at enabling communication, which were absent in Bauchi. This was because in Bauchi a common language was spoken by most people, whereas in Cross River, there is a wide diversity of languages and cultures.
Radio was used to deliver immunisation messages in both states but the intensity of its use was higher in Bauchi State. The media was strongly engaged to ensure that vaccination information had broad coverage, reaching hard-to-reach areas and migrant populations. Furthermore, radio is one of the most popular media in Nigeria and has widespread coverage across the country. It is often seen as an ideal medium for communicating with low-literacy communities, such as those found in certain areas of Northern Nigeria (31) . 'Work elsewhere' has shown that such approaches may be useful (4), but further rigorous evaluations are needed (21) .
The engagement of traditional and religious leaders as advocates for immunisation, especially targeting improving acceptance and uptake of polio in resistant communities, was used more visibly in Bauchi than in Cross River State. This may be because many cases of vaccination rejection in Bauchi, especially for polio vaccine, were for religious reasons and linked to rumours started by some religious leaders (32) . Such intervention may be well accepted in this context and may contribute to reducing vaccine hesitancy (33) . Similar interventions have also been adopted in other settings where vaccine hesitancy due to religious beliefs is common (34) .
Differences in communication interventions across rural and urban areas
Our study suggests that more interventions are targeted to rural communities, especially in polio-endemic areas. The use of community-based interventions was seen more frequently in high-risk rural areas of Bauchi State, compared to Cross River. In urban areas, the use of television was more prominent and printed materials were also more visible in urban health facilities.
Using the COMMVAC taxonomy
We found the COMMVAC taxonomy to be a useful research tool, allowing us to create a sense of order across the complexity and range of communication strategies emerging from the fieldwork, and to examine which vaccination communication interventions are being used and where gaps in communication interventions exist. The taxonomy framework was also helpful when conducting interviews as it allowed us to present an organised map to participants, request feedback, and check the validity and completeness of the findings. The completed taxonomy also allows those working with vaccination communication to identify gaps in their own communication strategies because it can highlight relevant target audiences or purposes that they may have missed. By grouping the interventions by purpose in the map, programme managers can make sure that the interventions they use address key aspects of vaccine hesitancy in their local context, for example, those linked to lack of information or misinformation.
Conclusions
The COMMVAC taxonomy was a useful research tool for analysing childhood vaccination communication interventions in the field. The tool allowed us to identify patterns in the communication interventions being implemented in two states of Nigeria at the time of the study. The tool also allowed us to uncover important gaps in relation to interventions used for routine immunisation, compared to campaigns. We found that most interventions aimed to inform and educate and remind and recall with limited interventions aiming to teach skills, enhance community ownership, or enable communication. We did not identify interventions to provide support or facilitate decision-making. Planners may wish to consider whether using interventions in these categories could contribute to addressing vaccine hesitancy in their setting. In addition, few interventions targeted healthcare workers. Training courses to update health workers' interpersonal communication skills may enable them to communicate vaccination messages more effectively and should be considered by planners. The map of communication interventions also raises questions about caregivers' views of communication interventions and how the interventions identified are being implemented, including barriers and facilitators to implementing vaccination communication interventions at scale. These questions will be addressed in forthcoming papers (27) .
